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Abstract
Objectives: To examine racial/ethnic disparities in oral health among older Ameri-
cans.
Methods:Differences in frequency of edentulism and number of decayed, missing,
and filled teeth were assessed in 2,679 non-Hispanic white, 742 non-Hispanic black,
and 934Mexican-American individuals aged 60 and older from theNational Health
and Nutrition Examination Survey (1999-2004).
Results: Controlling for potential confounding variables, blacks and Mexican-
Americans had significantly higher numbers of decayed teeth but fewer numbers of
filled teeth than whites. Although blacks had a lower likelihood of being edentulous
than whites, dentate blacks had a higher number of missing teeth. Compared with
whites,Mexican-Americans were less likely to be edentulous, and dentate Mexican-
Americans had fewermissing teeth.Our study also showed that blacks andMexican-
Americans had less frequent dental checkups than whites.
Conclusions: Oral health disparities are persistent across racial/ethnic groups for
older Americans despite the fact that the differences between groups typically
diminish when socioeconomic, health-related, and behavioral factors are consid-
ered in the models. Our study suggests that reducing racial/ethnic oral health dis-
parities requires multiple clinical approaches.
While an increasing number of studies have examined oral
health disparities across race/ethnicity in the United States, a
limited number of such studies have been conducted for
older adults. Policy makers, public health officials, and other
healthcare providers need to better understand how social
factors, along with medical conditions, may contribute to
racial/ethnic disparities in oral health with the demographic
transition to a more diverse older population in the United
States (1).
A report from the Surgeon General (2) noted ongoing
racial/ethnic disparities in oral health across all ages, but it
stressed the need for research to explain these differences. A
first step toward explaining the disparities is to knowhoworal
health differs between the groups. Some studies have
reported that older Hispanic and black Americans have more
missing teeth and decayed teeth than their white counterparts
(3-7). Using the National Health and Nutrition Examination
Survey (NHANES 1999-2004), a recent report found that
both blacks and Mexican-Americans have a higher preva-
lence of untreated tooth decay andmissing teeth than whites.
However, Mexican-American adults were least likely to have
lost all teeth compared with whites and African-Americans
(3). In fact, a few studies have suggested that older black
adults have even worse oral health than Hispanics (7-10).
Many of the previous studies used small convenience samples
or only individuals with low socioeconomic status (SES);
some were not able to compare the three racial/ethnic groups
in the same sample, and some did not evaluate potential con-
founders that may help to explain differences among the
racial/ethnic groups.
The present study addresses many of the methodological
issues noted above by comparing racial/ethnic differences in
oral health among community-dwelling non-Hispanicwhite,
non-Hispanic black, and Mexican-American older adults
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aged 60 and above using NHANES (1999-2004). This study
provides four key innovative refinements on earlier work.
First, we compare whites, blacks, and Mexican-Americans,
and use a nationally representative sample of older adults
whenmost previous studies compared only blacks andwhites
using small community-based samples of various cohorts.
Second, we include edentulous and dentate individuals using
a two-stage analytic approach. The first stage includes both
edentulous and dentate respondents in the sample, and the
second stage includes only dentate respondents. Third, we
investigate a comprehensive array of potential factors that
may, in combination, explain the relationship between race/
ethnicity and oral health: SES, social support, health behav-
iors, chronic medical conditions, functional limitations, and
dental care use. Fourth, we examine multiple clinical indica-
tors of oral health [i.e., complete edentulism, missing teeth
(partial edentulism), decayed teeth, and filled teeth] to
examine racial/ethnic differences in multiple dimensions of
dental caries while controlling for important covariates that
could contribute to the oral health disparities. It is important
to examine these domains individually because of the distinc-
tive oral health problems and treatments that each domain
reflects.
To address gaps in the literature and to extend previous
research findings, we propose three hypotheses. The first two
hypotheses are based on the report from Dye et al. (3). First,
black andMexican-American elders havemore decayed teeth
than their white counterparts among dentate individuals.
Corollary to this, minority elders may have fewer filled teeth
because of a lower number of teeth present and a higher
number of untreated decayed teeth compared with whites.
Minority older adultsmay also have a lower rate of dental care
utilization than whites. Second, relative to whites, blacks are
more likely to be edentulous, and dentate blacks have more
missing teeth.However, in comparisonwithwhites,Mexican-
Americans have a lower likelihood of being edentulous, and
dentate Mexican-Americans have fewer missing teeth.
Finally, racial/ethnic differences in oral health are con-
founded by SES, social support, chronic medical conditions




This study used the NHANES (1999-2004), a population-
based survey designed to collect information on the health
and nutrition of the US population. The NHANES used a
stratified, multistage, clustered sampling design to obtain a
representative sample of the noninstitutionalized civilian US
population. Data were collected during in-home interviews,
and dental and health examinations conducted in mobile
examination centers. The in-home interviews were con-
ducted by trained interviewers in either English or Spanish
(11). For the current study, we combined three waves of data
collected over 6 years (1999-2000, 2001-02, and 2003-04) for
a total of 4,984 individuals aged 60 and above. The study
sample excluded 125 respondents who were from other
minority groups, 351 respondents with missing dental
examination information, and 153 non-Mexican Hispanics.
The final sample was 4,355 individuals aged 60 and above
who received dental health examinations and completed the
in-home interviews. Among them, 3,307 had one or more
teeth, and 1,048 were edentulous. The sample consisted of
2,679 non-Hispanic whites, 742 non-Hispanic blacks, and
934Mexican-Americans.
Measures
Oral examinations were based on a maximum of 28 teeth.
Third molars were excluded because of their frequent extrac-
tion.Oral health statuswasmeasured in several ways: edentu-
lous versus dentate (1 = individuals without any natural
teeth, 0 = otherwise), the number of decayed teeth, missing
teeth, and filled teeth. In each case, a higher number indicates
poorer oral health status or a higher level of dental treatment
received.
Race/ethnicity was measured using dichotomous variables
for whites, blacks, and Mexican-Americans.We included age
(measured in years), gender (female = 1), a categorical vari-
able representing level of education (1 = less than high
school, 2 = high school, and 3 = some college or above), and a
dummy variable for any insurance (e.g., private insurance or
Medicaid) that covers any part of dental care (1 = having cov-
erage). Income was measured by the family poverty income
ratio, which was calculated as the ratio of family income
versus the poverty threshold produced annually by the US
Census Bureau.The variablewas treated as a continuous vari-
able, and a higher ratio reflects a higher level of income.Three
dimensions of social support were measured: marital status
(0 = not married, 1 =married), number of close friends or
relatives, and self-perception as to whether someone else
would provide financial support, if needed.
Health status was defined in several ways: the diagnosis of
one or more health conditions and functional impairment.
Respondents were asked if a doctor had ever diagnosed them
with diabetes, high blood pressure, heart disease, stroke, or
lung disease (i.e., asthma, emphysema, or chronic bronchi-
tis). Each condition was treated as a dichotomous variable.
Functional impairment was defined as self-reported limita-
tions related to daily activities. Activities of daily living
(ADLs) included eating, dressing,walking, and getting in and
out of bed. Instrumental ADLs (IADLs) included managing
money, doing household chores, preparing meals, and shop-
ping. The scale of ADL and IADL limitations was created by
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adding one point for each of the eight activities. Three health
behaviors were included: smoking (current smoker = 1),
alcohol use, and level of physical activity.Alcohol use was cat-
egorized as nondrinkers (the reference group), light or mod-
erate drinkers (between 12 drinks in the past 12 months and
less than 2 drinks per day), and heavy drinkers (two drinks
per day in the previous 12 months). Level of physical activity
was measured dichotomously as either little to no activity
(“0”) or moderate to high level of activity (“1”).
Dental care utilization was measured as the time since the
last regular dental checkup. In the 1999-2002 interviews, the
following questions were asked: “during the past three years,
have you been to the dentist for routine checkupor cleaning?”
and “during the past three years, how often have you gone to
the dentist for routine check-ups or cleanings?” In the
2003-04 interviews, only one question was asked: “how long
has it been since you had your teeth cleaned by a dentist or
dental hygienist?” We combined the responses to create an
ordinal variable where 1 = the last dental visit was more than
3 years ago (including those who never had a regular dental
visit or cleaning); 2 = occurred within the past 3 years; and
3 = within the past year.
Analysis
We used STATA (StataCorp, College Station, TX, USA) for
data analyses.Analysis of variance (ANOVA) and generalized
linear model (GLM) procedures were performed to compare
sample characteristics across the three groups. A two-stage
analytical procedure was used in the study. The first stage
included both dentate and edentulous respondents in the
analyses. The second stage included only dentate individuals.
Multivariate analysis procedures were used to test the
racial/ethnic differences in oral health while controlling for
many confounders that may explain the differences among
the racial/ethnic groups. In order to test the hypothesis that
racial/ethnic differences in oral health are confounded by
covariates such as SES, social support, chronicmedical condi-
tions and functional limitations, health behaviors, and dental
care utilization, a hierarchical block design was used in mul-
tivariate analyses. The first model included race/ethnicity.
The second model added sociodemographic characteristics.
The third model added social support and health behaviors,
and the fourth model added health status and regular dental
checkups. We used the method identified by Clogg and col-
leagues (12) to compare regression coefficients between
nested models for black andMexican-American respondents
in model 1 (including only race/ethnicity) with those in
model 4 (including all other covariates) for each of the four
oral health outcomes.
STAT SVYprocedures were performed to take into account
the weights provided in the data set yielding unbiased stan-
dard error estimates (13). SVY: LOGISTICwas used for logis-
tic regression models on the dependent variable of
edentulism. SVY: NBREG was used to test general linear
regression models with negative binomial distributions on
three dependent variables among dentate individuals:
decayed teeth,missing teeth, and filled teeth. Tominimize the
loss of cases because of missing values, we used all our analy-
sis variables to impute a range of plausible values for missing
cases. We derived parameter estimates and their standard
errors by averaging across five imputations and by adjusting
for their variance (14). These data sets were analyzed using
STATA procedures (described above) along with the STATA
MI to aggregate results to obtain proper standard errors
accounting for additional variation across imputed data sets
(15). We constructed fully specified models that include all
variables using both unimputed data and imputed data to
examine the effects for robustness. No substantial differences
were found between the two sets of models.
We next excluded the variables that were not significant at
the 0.10 level in the full specified models across four oral
health outcomes. Twomeasures of social support, number of
close friends or relatives, and whether someone else would
provide financial support, if needed, were not significant in
the models; therefore, these two variables were excluded in
the final models.
We took steps to address multicollinearity by checking the
correlations between independent variables prior to inclu-
sion in the models. On the basis of criteria of 2.5 for the vari-
ance inflation factor and 0.4 for tolerance (16,17), themodels
were not affected by multicollinearity.
Results
Table 1 shows characteristics of study participants by race/
ethnicity.All these variables were included in themultivariate
analysis unless otherwise specified in the analysis plan (see
above). ANOVA results indicated that black, Mexican-
Americans, andwhites differed significantly in all characteris-
tics except for gender and the rate of heavy drinking. GLMs
were used to further test oral health differences across the
three groups. The descriptive results showed that in compari-
sonwithwhites andMexican-Americans,blacks had a signifi-
cantly higher number of missing teeth, with an average of 3.5
more than whites (P < 0.05) and 4.3 more than Mexican-
Americans (P < 0.01). Blacks also had significantly higher
rates of edentulism (28.6 percent) than both whites (24.5
percent) and Mexican-Americans (18.1 percent). However,
Mexican-Americans had the lowest rate of edentulism (18.06
percent) among the three groups but the highest number of
decayed teeth by comparison. Additionally, minorities had
many fewer filled teeth than whites, particularly blacks who
had 2.7 filled teeth compared with 7.3 for whites and 4.7 for
Mexican-Americans.
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With regard to other characteristics, blacks and Mexican-
Americans were younger than whites, and a higher propor-
tion of the respondents reported having insurance that covers
some dental care. However, they had a lower income and less
frequent dental checkups than whites. In addition, a higher
proportion of blacks reported having systemic diseases than
whites andMexicans.
Table 2 presents the logistic regression analysis determin-
ing the odds of edentulism. Model 1 demonstrated that
Mexican-Americans were 32 percent less likely than whites to
be edentulous, while the odds for edentulism among blacks
were not significantly greater than for whites.However, in the
fully specified model (model 4), both blacks [odds ratio
(OR) = 0.63, 95 percent confidence interval (CI) = 0.47,
0.84] and Mexican-Americans (OR = 0.29, 95 percent
CI = 0.21, 0.41) were less likely to have lost all of their teeth
compared with whites. Edentulism was associated with being
older, smoking, having fewer years of education and less
income, having had a stroke, and less ADL/IADL impair-
ment. However, maintaining one’s natural teeth was associ-
ated with light to moderate alcohol use, moderate or greater
physical activity, andmore frequent dental checkups.
Table 3 presents negative binomial regression analyses of
the associations among race/ethnicity, possible confounding
variables, and missing teeth for dentate participants. In
model 1, race/ethnic differences were significantly and posi-
tively associated with missing teeth for blacks but not for
Mexican-Americans. When all confounding variables were






white (n = 2,679)
Mean (SD)/%
Non-Hispanic








Age (range 60-85) 71.2 (0.20) 71.4 (0.23) 69.9(0.34) 68.7 (0.22) 169.4***
Female 55.8 55.5 60.0 53.6 1.1
Education 352.0***
Less than high school 28.8 24.4 55.0 73.2
High school 29.7 31.5 17.2 10.1
More than high school 42.5 44.1 26.8 16.7
Dental coverage 33.7 31.6 53.6 35.3 78.0***
Poverty income ratio (range 0-5) 2.8 (0.07) 2.9 (0.08) 2.2 (0.06) 1.9 (0.04) 147.2***
Social support
Anyone to help with financial support 77.8 78.1 76.9 72.7 3.5*
Number of close friends (range 0-3.93) 1.9 (0.02) 2.00 (0.02) 1.5 (0.03) 1.6 (0.02) 102.9***
Married 60.2 62.2 38.0 63.0 56.1***
Health status
Diabetes 13.3 11.9 23.3 23.5 55.7***
High blood pressure 53.5 51.9 71.1 49.6 42.4***
Heart disease 22.1 22.6 18.9 16.3 15.6***
Stroke 7.4 7.2 10.0 7.1 2.3
Lung disease 18.3 18.8 15.9 10.6 12.8***
ADL and IADL score (range 0-8) 1.1 (0.05) 1.1 (0.05) 1.5 (0.08) 1.5 (0.07) 10.2***
Health behaviors
Light moderate drinker 32.8 34.3 21.4 24.6 25.4***
Heavy drinker 3.3 3.5 2.3 2.3 1.0
Current smokers 11.5 11.0 15.9 13.0 12.8***
Moderate physical activity or more 49.9 52.1 33.6 36.4 53.4***
Dental care utilization
Last regular dental checkup 24.4***
More than 3 years 19.0 17.9 27.5 28.8
1-3 years 14.2 13.4 23.5 18.7
Within 1 year 66.8 68.7 49.0 52.6
Oral health status
Edentulous 24.6 24.5 28.6 18.1 18.6***
Decayed teeth (range 0-28) 0.4 (0.04) 0.3 (0.03) 0.8 (0.08) 1.0 (0.05) 66.7***
Missing teeth (range 0-28) 13.00 (0.38) 12.7 (0.43) 16.3 (0.36) 12.0 (0.23) 40.8***
Filled teeth (range 0-28) 9.00 (0.21) 7.3 (0.30) 2.7 (0.17) 4.7 (0.21) 351.7***
* P < 0.05, *** P < 0.001.
SD, standard deviation; ANOVA, analysis of variance; ADL, activities of daily living; IADL, instrumental activities of daily living.
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controlled (model 4), the difference for blacks was reduced
(0.21) but remained significant. In other words, by trans-
forming the log function of “missing teeth” counts into mul-
tiplicative effects, dentate blacks had 1.23 timesmoremissing
teeth than whites. For Mexican-Americans, race/ethnic dif-
ferences became significant but were negatively associated
with missing teeth. Compared with whites, the difference
was 0.23 lower for Mexican-Americans, which means that
Mexican-Americans had 20 percent fewer missing teeth.
Factors such as being older, lower levels of education and
income, smoking, and being diabetic were related to having a
higher number of missing teeth,while beingmarried,moder-
ate or vigorous physical activity, and more frequent dental
checkups were associated with retaining more natural teeth.
Table 4 demonstrates that race/ethnicity was significantly
associated with decayed teeth in model 1. When controlling
for all other variables, blacks and Mexican-Americans still
retained a significantly greater predicted number of decayed
teeth compared with whites in the final model (model 4), but
the log value decreased to 0.65 and 0.45, respectively. Blacks
and Mexican-Americans had 1.92 and 1.57 times more
decayed teeth than whites.Men had more decayed teeth than
women, and lower education levels and lower income were
also associated with a higher number of decayed teeth.
Smoking was associated with a greater number of decayed
teeth, while light or moderate alcohol use was inversely asso-
ciated with the outcome. Regular dental checkups contrib-
uted to improved oral health within the sample.
In Table 5, compared with whites, the significant differ-
ences in the logs of counts of filled teeth was 0.93 lower
for blacks and 0.73 for Mexican-Americans in model 1. In
the fully specified model, blacks and Mexican-Americans
retained a significantly lower predicted number of filled teeth
compared with whites, but the log values decreased to 0.65
and 0.35, respectively, whichmeans that blacks andMexican-
Americans had 0.52 and 0.70 times fewer filled teeth than
whites. Respondents who were female, married, and had
higher levels of education and income had a greater number
of filled teeth. In addition, light or moderate alcohol use and
moderate physical activity were positively associated with the
number of filled teeth, while smoking and having diabetes
were inversely associated with filled teeth. Further, regular
dental checkups contributed to the increased number of filled
teeth.
Table 2 Logistic Regression Analysis on Edentulism
Variable
Model 1 Model 2 Model 3 Model 4
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Sociodemographics
Black 1.23 (0.99, 1.54) 0.80 (0.61, 1.06) 0.72 (0.54, 0.96)* 0.63 (0.47, 0.84)**
Mexican 0.68 (0.49, 0.95)* 0.33 (0.23, 0.46)*** 0.32 (0.24, 0.45)*** 0.29 (0.21, 0.41)***
Age 1.02 (1.01, 1.03)** 1.02 (1.01, 1.04)*** 1.03 (1.02, 1.04)***
Female 1.01 (0.88, 1.16) 0.92 (0.79, 1.07) 1.10 (0.92, 1.32)
Education 0.52 (0.45, 0.61)*** 0.56 (0.47, 0.66)*** 0.61 (0.53, 0.70)***
Poverty income ratio 0.74 (0.68, 0.82)*** 0.80 (0.73, 0.89)*** 0.85 (0.77, 0.95)**
Dental coverage 0.85 (0.68, 1.07) 0.86 (0.68, 1.10) 0.97 (0.74, 1.29)
Social support
Married 0.90 (0.74, 1.09) 0.96 (0.80, 1.16)
Health behaviors
Light/moderate drinker 0.61 (0.50, 0.74)*** 0.73 (0.59, 0.91)**
Heavy drinker 0.67 (0.40, 1.10) 0.64 (0.37, 1.11)
Current smoker 2.44 (1.77, 3.35)*** 2.05 (1.44, 2.91)***
Moderate physical activity or more 0.61 (0.49, 0.74)*** 0.63 (0.50, 0.81)***
Health status
Diabetes 1.18 (0.89, 1.56)
High blood pressure 1.03 (0.82, 1.30)
Heart disease 1.16 (0.87, 1.55)
Stroke 1.48 (1.02, 2.17)*
Lung diseases 1.12 (0.84, 1.48)
ADL and IADL score 0.94 (0.90, 0.98)**
Dental care utilization
Regular dental checkup 0.46 (0.38, 0.55)***
ROC 0.55 0.72 0.74 0.78
* P < 0.05, ** P < 0.01, *** P < 0.001.
Model 1: ethnicity only; model 2: adding sociodemographic characteristics; model 3: adding variables on social support and health behaviors; and model
4: adding health status and dental care utilization.
OR, odds ratio; CI, confidence interval; ADL, activities of daily living; IADL, instrumental activities of daily living; ROC, Receiver Operating Characteristic.
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Discussion
The findings support our first hypothesis that blacks and
Mexican-Americans had significantly higher numbers of
decayed teeth but fewer numbers of filled teeth than whites,
even controlling for many confounding variables. The results
partially supported the second hypothesis that blacks were
more likely to have a higher number of missing teeth than
whites; nonetheless, different from the hypothesis, they were
less likely to be edentulous. Compared with whites,Mexican-
Americans were less likely to be edentulous, and dentate
respondents were also less likely to lose their natural teeth.
The results also supported the third hypothesis that racial/
ethnic differences were confounded by other health-related
and social factors that often differ by race/ethnicity. Overall,
oral health disparities across racial/ethnic groups persisted
even after controlling for other covariates.
The comparison of the regression coefficients for black and
Mexican-American respondents in model 1 (including only
race/ethnicity) with those in model 4 (including all other
covariates) showed that racial/ethnic variations in oral health
were confounded by a number of variables. In particular,
blacks and Mexican-Americans were less likely to be edentu-
lous than whites after controlling for SES, health behavior,
dental care utilization, and other covariates. Some anecdotal
evidence has suggested that minorities are concerned about
saving their teeth for esthetic reasons (6).We surmise that the
level of concern may be greater for those with relatively
higher SES and social support. However, the value of saving
natural teeth could also be compromised by the general lack
of dental care among minority elders. Further studies are
warranted regarding the tension between esthetic concerns
and ability to access dental care services.
One study examined trends of edentulism over the past 30
years and found trends of improvement for low- and high-
SES black adults (18). The authors also suggested that for the
population reporting regular dental care utilization and/or
nonsmoking behaviors, socioeconomic disparities in edentu-
lism were reduced. Consistent with their findings, our study
indicated that healthier behaviors (i.e., nonsmoking, light/
moderate drinking, and physical activity) and regular dental
visits may contribute to a lower rate of edentulism forminor-
ity elders compared with whites. Therefore, health programs
and services designed to improve health behaviors and access
to regular dental visits are important in reducing racial/
ethnic disparities (19).
Table 3 Negative Binomial Regression Results on Number of Missing Teeth among Dentate Elders
Model 1 Model 2 Model 3 Model 4
b (SE) b (SE) b (SE) b (SE)
Sociodemographics
Black 0.40 (0.05)*** 0.29 (0.05)*** 0.24 (0.05)*** 0.21 (0.05)***
Mexican 0.08 (0.06) -0.21 (0.06)*** -0.21 (0.05)*** -0.23 (0.05)***
Age 0.01 (0.00)*** 0.01 (0.00)** 0.01 (0.00)***
Female -0.07 (0.04) -0.13 (0.04)** -0.08 (0.05)
Education -0.26 (0.02)*** -0.25 (0.02)*** -0.23 (0.02)***
Poverty income ratio -0.13 (0.02)*** -0.09 (0.02)*** -0.08 (0.02)***
Dental coverage -0.05 (0.04) -0.03 (0.04) -0.01 (0.04)
Social support
Married -0.17 (0.05)** -0.15 (0.04)**
Health behaviors
Light/moderate drinker -0.20 (0.04)*** -0.15 (0.04)***
Heavy drinker -0.07 (0.10) -0.03 (0.09)
Current smoker 0.37 (0.08)*** 0.36 (0.08)***
Moderate physical activity or more -0.08 (0.04) -0.06 (0.04)
Health status
Diabetes 0.20 (0.06)**
High blood pressure 0.02 (0.04)
Heart disease 0.07 (0.06)
Stroke -0.02 (0.09)
Lung diseases 0.00 (0.04)
ADL and IADL score 0.00 (0.01)
Dental care utilization
Regular dental checkup -0.15 (0.02)***
** P < 0.01, *** P < 0.001.
Model 1: ethnicity only; model 2: adding sociodemographic characteristics; model 3: adding variables on social support and health behaviors; and model
4: adding health status and dental care utilization.
SE, standard error; ADL, activities of daily living; IADL, instrumental activities of daily living.
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In this study, racial/ethnic differences remained even after
controlling for all other covariates. The findings reflect a
historical lack of access to dental care for racial/ethnic
minorities (20,21). Evidence suggests that dental insurance
coverage, regular dental visits, and oral health are strongly
associated. In our study, while a higher proportion of racial/
ethnic minority groups – blacks in particular – had dental
insurance coverage, they also had more decayed teeth, a
lower number of filled teeth, and less frequent regular
dental visits. Further analyses were conducted to examine
the association between race/ethnicity and dental care utili-
zation. However, the relationship between race/ethnicity
and regular dental care was not significant once SES and
other covariates were included (results not shown). While
the literature suggests that elders with Medicaid have a
higher utilization of general medical services (e.g., physician
visits and hospital use), they often demonstrate a low use of
dental services, particularly preventative services, given that
Medicaid often only covers tooth extractions in many states.
Racial/ethnic disparities in dental care could be partially
explained by differential treatment as a result of limited
dental coverage and inadequate participation of dentists in
the Medicaid program (22). Our study did not find a signifi-
cant association between dental coverage and oral health.
The general lack of effect of the dental coverage in our study
suggests that the two distinct types of insurance (i.e., private
dental insurance and Medicaid) may impact oral health dif-
ferently given that these two insurances offer different types
of dental coverage and tend to provide benefits to individu-
als with different population characteristics.
Oral health is associated with individual’s SES (10). This
association is often explained by the fact that individuals with
higher income and a higher level of education are more likely
than others to seek preventive dental care, have healthy
behaviors, or have access to dental services when they are
needed. Our study confirmed the finding that individuals
with higher level of education and income had better oral
health outcomes, even controlling for the factors on health
behaviors and preventive dental care. We suspect that the
results may arise from unmeasured differences in the quality
of dental care currently received. Another possibility is that
our cross-sectional data do not capture the cumulative effects
of access to dental care throughout the life course.
The observed disparities may also reflect current or life-
time dietary habits, and current or lifetime smoking
habits and other negative health behaviors amongminorities.
Table 4 Negative Binomial Regression Results on Number of Decayed Teeth among Dentate Elders
Model 1 Model 2 Model 3 Model 4
b (SE) b (SE) b (SE) b (SE)
Sociodemographics
Black 1.08 (0.15)*** 0.81 (0.15)*** 0.71 (0.14)*** 0.65 (0.14)***
Mexican 1.04 (0.16)*** 0.51 (0.16)** 0.51 (0.15)** 0.45 (0.15)**
Age 0.00 (0.01) -0.01 (0.01) 0.00 (0.01)
Female -0.62 (0.12)*** -0.78 (0.11)*** -0.70 (0.10)***
Education -0.37 (0.09)*** -0.29 (0.08)** -0.23 (0.09)*
Poverty income ratio -0.32 (0.04)*** -0.25 (0.04)*** -0.22 (0.04)***
Dental coverage -0.09 (0.17) -0.07 (0.16) 0.04 (0.14)
Social support
Married -0.16 (0.18) -0.14 (0.18)
Health behaviors
Light/moderate drinker -0.65 (0.14)*** -0.55 (0.15)**
Heavy drinker -0.14 (0.30) -0.31 (0.30)
Current smoker 0.31 (0.15)* 0.19 (0.15)
Moderate physical activity or more -0.41 (0.11)** -0.28 (0.13)*
Health status
Diabetes 0.11 (0.19)
High blood pressure -0.08 (0.12)
Heart disease -0.15 (0.15)
Stroke -0.20 (0.14)
Lung diseases 0.01 (0.15)
ADL and IADL score 0.03 (0.04)
Dental care utilization
Regular dental checkup -0.51 (0.06)***
* P < 0.05, ** P < 0.01, *** P < 0.001.
Model 1: ethnicity only; model 2: adding sociodemographic characteristics; model 3: adding variables on social support and health behaviors; and model
4: adding health status and dental care utilization.
SE, standard error; ADL, activities of daily living; IADL, instrumental activities of daily living.
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Additionally, the results presented in this study could reflect
unmeasured racial/ethnic differences in oral health beliefs
and oral hygiene practice, and a lack of dental knowledge.
Other researchers have suggested that clinicians should be
aware that minorities may be less likely than whites to believe
in the benefits of preventative practices (23).
Some systemic diseases such as diabetes and stroke were
risk factors for edentulism and missing teeth. In order to
improve minority elders’ oral health, medical and public
health professionals should ensure that oral health messages
are included in literature and information is disseminated
about diabetes and recommendations for diabetes care.While
other studies found that cardiovascular diseases and lung
disease may be associated with oral health (24,25), our study
did not find such associations. Our results could be due to
limitations of self-reported health information and the lack
of information on duration and severity of the conditions
(11). Alternately, associations between some systemic
medical conditions and oral health could be mediated by
other variables included in our study such as SES and health
behaviors, as previous studies have suggested (9,10).
In our multivariate analyses, the relationship between the
ADL/IADL score and edentulism appeared to be negative,
which means that individuals with a higher ADL/IADL score
were less likely to be edentulous. This finding is counterintui-
tive and is somewhat different from previously published
studies (26). We further investigated these results. In a
univariate logistic regression model that included only the
variable ADL/IADL limitation score, higher levels of ADL/
IADL limitations were associated with a higher frequency of
edentulism. This relationship remained significant even
when sociodemographic and social support variables were
added to themodel.However, the relationship reversed direc-
tion, that is, higher ADL/IADL limitation scores were associ-
ated with lower rates of edentulism, when health status and
medical condition variables were added to the model. In
summary, ADL/IADL impairment is positively correlated
with edentulism, whereas its net effect becomes negative
when other health status measures are controlled.We suspect
that the relationship is an artifact and that there is a complex
relationship among oral health, chronic conditions, and
functional status.
Research that includes allHispanics,Asian-Americans, and
Native Americans is also needed to examine racial/ethnic dif-
ferences more fully. Hispanics, including Central/South
American origin individuals, Cubans, Puerto Ricans, and
Table 5 Negative Binomial Regression Results on Number of Filled Teeth among Dentate Elders
Model 1 Model 2 Model 3 Model 4
b (SE) b (SE) b (SE) b (SE)
Sociodemographics
Black -0.93 (0.07)*** -0.75 (0.06)*** -0.70 (0.07)*** -0.65 (0.06)***
Mexican -0.73 (0.10)*** -0.39 (0.10)*** -0.38 (0.10)** -0.35 (0.10)**
Age 0.00 (0.00) 0.00 (0.00)* 0.00 (0.00)
Female 0.20 (0.03)*** 0.25 (0.03)*** 0.20 (0.03)***
Education 0.27 (0.03)*** 0.26 (0.03)*** 0.24 (0.03)***
Poverty income ratio 0.12 (0.01)*** 0.09 (0.01)*** 0.08 (0.01)***
Dental coverage 0.02 (0.03) 0.02 (0.03) 0.00 (0.03)
Social support
Married 0.15 (0.03)*** 0.13 (0.03)***
Health behaviors
Light/moderate drinker 0.10 (0.03)** 0.06 (0.03)
Heavy drinker 0.06 (0.07) 0.04 (0.06)
Current smoker -0.27 (0.07)*** -0.23 (0.06)**
Moderate physical activity or more 0.12 (0.03)** 0.09 (0.03)*
Health status
Diabetes -0.14 (0.06)*
High blood pressure 0.01 (0.03)
Heart disease -0.02 (0.04)
Stroke 0.01 (0.07)
Lung diseases -0.04 (0.03)
ADL and IADL score 0.01 (0.01)
Dental care utilization
Regular dental checkup 0.26 (0.02)***
* P < 0.05, ** P < 0.01, *** P < 0.001.
Model 1: ethnicity only; model 2: adding sociodemographic characteristics; model 3: adding variables on social support and health behaviors; and model
4: adding health status and dental care utilization.
SE, standard error; ADL, activities of daily living; IADL, instrumental activities of daily living.
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Mexican-Americans, are culturally diverse with different
customs, values, migration patterns, and SES (27). In this
regard, factors such as acculturation and age at immigration
may have important implications for oral health in middle
and later life.
In conclusion, our study shows that oral health disparities
are persistent across racial/ethnic groups for olderAmericans
despite the fact that the differences between groups typically
diminishwhensocioeconomic,health-related,andbehavioral
factors are considered in the models. These and other factors
discussed above deserve greater attention in future research
aboutoral healthdisparities for allminorities.Also, longitudi-
nal studies are needed to examine the impact of SES, lack of
community resources,cumulativedisadvantages,andcultural
valuesandbeliefsonoralhealthacrossall racial/ethnicgroups.
These disparities could reflect a historical lack of access to
dental care in racial/ethnicminorities, lifetime dietary habits,
lifetime prevalence of negative health behaviors, and racial/
ethnicdifferences inoralhealthbeliefs.Thedecreasing ratesof
edentulism among minorities have resulted in more teeth at
risk for decay or loss, and, subsequently, the need for access to
dental treatment and dental care facilities in minority neigh-
borhoods.Our study suggests that reducing racial/ethnic oral
health disparities requires multiple clinical approaches. First,
it is important to improve access for dental care for minority
elders. Second, it is critical to increase older adults’ knowledge
of the importance of oral health, including the linkage
between oral health and systemic medical conditions, oral
hygiene, and preventive dental care services. Third, programs
are needed to improve individuals’ overall health behaviors –
perhaps throughencouragingpositivebehaviors that canhelp
olderAmericans retain their natural teeth andmaintain good
oralhealth later in life.Fourth,developand improveculturally
competent services for minority communities by recruiting
more underrepresented minorities to the dental professions,
and enrich dental education curriculum(28).
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